e used radiostereometric analysis to compare wear rates between uncemented porous sockets and cemented all-polyethylene sockets in a series of 102 hips randomised for either a Harris-Galante or a Charnley cup. Wear was evaluated in 95 hips at a mean of five years (2 to 7). All hips had a cemented, 22 mm head mono-bloc Charnley stem.
The use of a hybrid arthroplasty, an uncemented porous socket in combination with a cemented femoral component, has been recommended for primary hip replacement. 1 Rates of polyethylene wear in uncemented, porous sockets, [2] [3] [4] [5] [6] have been reported, however, to be considerably higher than in cemented all-polyethylene sockets even when a cemented femoral component has been used. 7 The various techniques for measuring wear in standard radiographs have been criticised for their imprecision, 8, 9 and for not taking sagittal wear into consideration. 10 The large spread due to errors in measurement of conventional radiographs makes statistical comparisons between different series and implants less reliable. Radiostereometric analysis (RSA) can measure wear by analysing the threedimensional rate of penetration of the femoral head into the polyethylene. 11 Using this method we studied prospectively wear and migration rates in a series of 102 hip replacements randomised to have either a cemented polyethylene Charnley socket or a porous uncemented Harris-Galante type-I cup. A cemented, mono-bloc Charnley femoral component was used in all cases.
Patients and Methods
The patients were recruited from two randomised series in which the short-term migration had been studied. 12, 13 One comprised 21 patients who had had both hips replaced simultaneously, 12 and the other 60 unilateral replacements. 13 Thus, between February 1987 and May 1991, 81
patients undergoing 102 hip replacements received either an uncemented Harris-Galante type-I socket (Zimmer, Warsaw, Indiana) or a polyethylene Charnley socket (DePuy International Ltd, Leeds, UK). The patients had been randomised during surgery by opening closed envelopes in sequential order and all gave their informed consent to participation. The studies were approved by the Ethical Committee of Lund University.
Only patients with primary arthritis who did not need a bone graft were included, and no hip had been subjected to previous surgery. For the bilateral procedures, the patients were fit enough to undergo simultaneous replacement. In the other group all the patients were aged between 50 and 70 years. There were 41 men and 40 women with a mean age of 63 years (41 to 76) and a mean weight of 74 kg (45 to 128). There were 52 right and 50 left hips. A Charnley or a Harris-Galante socket was each implanted in 51 hips. In the bilateral cases randomisation was performed with regard to the side on which each socket should be used.
A mono-bloc Charnley femoral component (DePuy International Ltd, Leeds, UK) of stainless steel (Ortron 90, DePuy) with a 22 mm head was cemented after reaming, brushing and high-pressure lavage of the femoral canal. Vacuum-mixed, high-viscosity cement (Palacos, ScheringPlough, Kenilworth, New Jersey) was injected into the femoral canal in a retrograde manner, using a cement gun. The patients were operated on in a supine position and all had a transtrochanteric approach. Partial weight-bearing started on the second to third postoperative day and the patients then used two crutches for six weeks.
The Charnley sockets were of the flanged Ogee type, 14 except in four of the bilateral cases in which the longposterior-wall socket was used. They were inserted after reaming of bleeding bone centrally, preserving the subchondral bone superiorly. About five 6 mm anchorage holes were drilled, and high-pressure lavage was used. The median size of the Charnley sockets was 43 mm (40 to 53). The minimum thickness of the polyethylene according to the manufacturer varied from 8.8 to 15.4 mm, with a median of 10.4 mm.
The Harris-Galante sockets, median size 54 mm (48 to 66), were coated with porous titanium fibre mesh. The shell was made of a titanium alloy (Tivanium; Zimmer). The minimum thickness of polyethylene, according to the manufacturer, varied from 9.4 to 17.4 mm, with a median of 11.4 mm. The operative technique included so-called line-to-line reaming. Two to four cancellous bone screws, also made of Tivanium alloy, were used for additional fixation.
At the time of operation, five to nine tantalum-ball markers (Industrial Tectonics, Ann Arbor, Michigan) with a diameter of 0.8 mm were inserted into the pelvic bone on each side operated on. After predrilling, between five and nine tantalum markers were also embedded in the polyethylene of the sockets along the lateral and medial edges, and on the convex side. The uniplanar type of RSA was used 15 and all examinations were made with the patient supine. The first examination was performed within two weeks of operation and then at either three or six months. Almost all patients were examined at one and two years and, with varying frequency, also at five, six and seven years.
The relative movement between the socket and the pelvic bone was calculated with six degrees of freedom (df). The results are presented as migration and rotation along and around the transverse, longitudinal and sagittal planes. By calculating the three-dimensional co-ordinates of the prosthetic femoral head, its penetration into the polyethylene can be measured with three df. The results are given both as the vectorial length of penetration and its three components along the three axes. We have used only the longitudinal component and the vectorial length of penetration, denominated proximal and total wear, respectively. The annual rate of wear was derived from the total wear at the latest followup, divided by the time of follow-up. The precision of RSA was assessed from 50 double examinations by methods previously described 12, 13 (Table I) .
A complete kinematic analysis of wear, migration and rotation, requires at least three stable and well-spaced markers in the socket. Migration, however, can be calculated with three df by the use of only two markers, provided these are located at the medial and lateral edges of the socket, whereby their mean of migration represents that of the socket. Migration can also be measured when markers are missing in the socket, as in one Charnley socket in our series, by calculating the three-dimensional co-ordinates of the marker wire, the centre of which will then represent the socket. To assess rotation of the polyethylene insert in relation to the metallic shell of Harris-Galante cups, we performed an analysis of the helical axis for hips which these implants had rotated beyond the 99% confidence limits.
Standard pelvic radiographs, including one anteroposterior view of the pelvis centred on the pubis, one anteroposterior view centred on the hip and one frog-leg lateral view, were obtained after operation and thereafter at irregular intervals, but always at the time of the latest RSA examination. The degree of inclination of the socket was determined from the postoperative radiographs, using the teardrop line as a reference. The occurrence of lucent lines, osteolytic lesions and screw breakage was recorded. The Harris hip score 16 was used for the clinical evaluation.
To overcome the variation in time of follow-up, we used least-squares regression over time for individual hips for wear, migration and rotation. Thereafter the regression coefficients were compared between the two groups of implants using a Student's t-test. Using a covariance analysis, age, gender, weight, side, thickness of the polyethylene and the degree of inclination of the socket were compared. We used Student's t-tests, Mann-Whitney U tests and chisquared tests with Yates' correction for comparisons made at the latest time of follow-up. Comparisons between groups are presented with 95% confidence intervals of the differences between means.
In both the multivariate and bivariate analyses a correction for multiple comparisons was made with the levels for statistical significance set at p < 0.01. Since total wear represents a vectorial length, the amount of total wear between different periods of time cannot be obtained by simple subtraction. To compare total wear from the time of operation to three months, and from three months to the end, we used a separate analysis of total wear using three months as a starting point. The total wear from the operation up to three months, and from three months to the end, was then analysed by regression analysis. A power analysis was performed based on the total wear values and the pertinent standard deviations at two years. We calculated that, after five years, a sample size of 30 in each group would be required to reveal a difference of 0.15 mm in total wear at the 5% ␣-level and with a power of >80%.
Some hips had to be removed from the study due to technical problems; two Charnley sockets were omitted from the analysis of migration, wear and rotation due to the insufficient number of tantalum markers in one, and to failure to obtain proper radiographs in the other. Three Harris-Galante and a further two Charnley cups could not be assessed for wear; three were omitted due to insufficient number of tantalum markers and two, in the same patient, because of the distal translation of the prosthetic head in relation to the socket, suggesting that in the supine position, the prosthetic head did not touch the bottom of the cup. In addition, another three hips, two Harris-Galante and one Charnley, were not analysed for rotation, again due to insufficient markers. Tables II and III show the number of hips for the three main factors studied and the length of follow-up in the two prosthetic groups.
A
replacements died after a follow-up of two years and one patient with unilateral replacement withdrew after two years.
Results
One hip in the bilateral series with a Harris-Galante socket was revised after 54 months because of recurrent dislocation and was subsequently excluded. The femoral component was exchanged and the socket was left undisturbed. This socket had a total wear of 0.12 mm, had migrated 0.7 mm in the proximal direction and rotated 3° into decreased anteversion from its original position of 11° of anteversion. The femoral component showed no signs of radiological loosening. No other case has yet been revised.
At a mean of 63 months the median pain score was 44 for both groups of sockets. The median total Harris hip score was 94 for the hips with a Charnley socket, and 96 for the hips with a Harris-Galante implant, with no statistically significant difference between groups (CI -2.3 to 7.3).
The mean annual total wear rate for the Charnley sockets was 0.09 mm (median 0.08, 0.02 to 0.26; interquartile range 0.07 mm) and for the Harris-Galante 0.10 mm (median 0.09, 0.03 to 0.22; interquartile range 0.07 mm) showing no statistically significant difference (CI -0.01 to 0.03 mm per year). The mean quotient between proximal and total wear was 0.8 for both groups. The eight hips, four Charnley and four Harris-Galante, which were not followed for five years (Table III) , had mean annual wear rates of 0.12 mm and 0.15 mm, respectively.
The wear rate was bimodal, levelling off after three months (Fig. 1) . In a regression analysis in which the total wear during the first three months was compared with that from three months to the end, there was no statistically significant correlation (p = 0.3; r 2 = 0.02). Since the wear rate was bimodal, the individual regression coefficients of total wear over time were analysed separately for the initial three months and for the time thereafter. There were no statistically significant differences between the two groups of sockets during the initial three months or thereafter (Table IV) . In the covariance analysis, none of the six covariates (age, gender, weight, side, polyethylene thickness, inclination) had any statistically significant influence during the initial three months or thereafter. Covariance analysis gave r 2 values of 0.11 and 0.19 for before and after three months, respectively. In one Harris-Galante socket, analysis of the helical axis showed that there had been a rotation of 18.6° of the polyethylene insert around an axis running through the centre of its opening. This took place between 12 and 24 months, with no further movement up to 54 months. It appeared that the polyethylene liner had rotated within the metallic shell, and this case was consequently excluded from further analysis.
At the latest follow-up (Table V) , there were no statistically significant differences between the two types of socket in migration (CI -0.14 to 0.46 mm) or rotation (CI -0.31 to 0.63°). The proximal migration over time is shown in Figure 2 . One Charnley socket had migrated 5.0 mm in the proximal direction at 60 months; at 12 months the proximal migration was 2.0 mm. There was also a rotation of 8.7° around the transverse axis into decreased anteversion, and 5.4° around the sagittal axis into decreased abduction. These were evident at 12 months.
The individual regression coefficients over time were analysed for all six df of migration and rotation, and compared with the two groups of sockets without any statistically significant difference (CI -0.04 to 0.03 mm per year; -0.14 to 0.12° per year). In a covariance analysis of the individual regression coefficients, age, gender, weight, side, inclination or thickness of the polyethylene had no statistically significant influence.
There were no statistically significant differences in any of the six df of migration or rotation at the latest follow-up for the Harris-Galante sockets which had been placed with two screws compared with those placed with three or more screws (CI -0.28 to 0.29 mm; CI -0.35 to 0.76°).
The Charnley socket which had migrated 5.0 mm in the proximal direction was surrounded by a 3 mm wide lucency in conventional radiographs. Another Charnley socket had a 2 mm wide lucency in zones II to III. Of the remaining 47, no lucency or lucency of <1 mm was observed. No lucency exceeding 1 mm was observed around the Harris-Galante sockets. Localised bone resorption was observed in the femur of the hip which had a loose Charnley socket. In three of the stems combined with a Harris-Galante socket there was discrete localised bone resorption in one and cement-bone lucencies of <1 mm in two.
Discussion
We have used the term wear to describe penetration of the femoral head into the polyethylene, although we are aware that non-elastic deformation of the polyethylene, namely creep, rather than actual removal of substance, may explain part of this. 9 As in all other radiological studies of wear in total hip arthroplasties, our patients were examined in the supine position. This imposes a source of error in that the head of the prosthesis may not always touch the bottom of the socket. This is most critical in the postoperative examination since there is then a risk of overestimating the wear rates in subsequent examinations. The risk of underestimating wear was reduced by analysing the proximal wear, as the longitudinal component of the vectorial length, and excluding cases with negative values after the initial postoperative examination. This was also seen at the follow-up examination in two hips, and these were excluded from the wear study. There is no reason to believe that this possible source of error would differ between the two groups of sockets compared in our study. Both groups of sockets articulated against a cemented Charnley femoral component. The study was randomised and only hips with primary arthritis were included, thus minimising patient-related confounding factors. It was designed to have a statistical power of 80% or more to reduce the risk of a type-II error. The risk of a type-I error was reduced by correcting for multiple comparisons. The use of a regression analysis over time in individuals is a useful way to overcome discrepancies in time of follow-up and has been used by others. 17 This method also has the advantage of producing a constrained value based on all measurements and thus further mitigates the error of RSA. The eight hips which were not followed for five years appeared to have higher annual rates of wear. The initial wear rate, however, is higher than that later on, and there is no reason to believe that the characteristics of these eight cases would bias the study. The precision, that is the repeatability, in our RSA wear measurements was 0.1 mm for proximal wear and 0.2 mm for total wear. These figures were based on the standard deviations obtained from double examinations multiplied by a factor of 2.68 in order to obtain a 99% confidence limit for significant wear. Bankston Our finding of a mean annual wear rate of 0.09 mm in the Charnley sockets corresponds to that found in previous reports. 21, 22 The mean annual rate of wear for the HarrisGalante sockets did not differ statistically from that of the Charnley implants. There was a tendency towards higher wear during the initial three months in the Harris-Galante sockets, which could possibly be explained by an increased creep of the polyethylene due to the stiffness inflicted by the metallic shell. From three months and onwards, no difference was found between the two types of socket. The rate of wear during the initial three months was higher than later on, but there was no correlation between these two events, suggesting that long-term wear cannot be predicted by that found during the early period of wearing in.
Age, gender, weight or side had no statistically significant impact on the wear rates, which confirms the findings of previous studies. 19, 21, 23, 24 One report 25 has pointed to a difference in wear rates between left and right hips, and another has shown patient activity to be related to wear. 26 The thickness of the polyethylene has been shown to be important in resistance to wear in a theoretical model, 27 but there are few reports analysing this effect in vivo. Polyethylene thickness did not influence wear rates in either type of socket in our study, but in no case was it less than 8.8 mm. The inclination of the socket did not affect the rates of wear in either type of prosthesis. Patient-related factors, the thickness of the polyethylene and the degree of inclination only accounted for 10% to 20% of the wear as found in the covariance analysis. We found the Harris-Galante type-I socket to have wear characteristics similar to those of the all-polyethylene Charnley socket at a mean of five years, with no signs of osteolysis. There was no statistically significant difference in migration between the two designs. This suggests that an uncemented, porous socket of the Harris-Galante type-I design can safely be used in conjunction with a cemented Charnley femoral component and that the use of a metalbacked modular socket does not carry an inherent risk of increased polyethylene wear.
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